OBJECTIVES: Severe calcification in the mitral valve annulus is a challenging problem during mitral valve surgery. We describe our experience with mitral valve replacement in severely calcified mitral valve without decalcification of the annulus.
INTRODUCTION
Mitral annular calcification (MAC) is a pathological condition that involves dystrophic calcium deposition to the valve annulus that can eventually lead to mitral dysfunction. It is a progressive process usually associated with degenerative valve disease in elderly patients, particularly women. It is increased in the presence of other conditions such as Marfan's syndrome, diabetes, osteoporosis and chronic renal failure [1] [2] [3] [4] .
When surgical intervention is indicated, the presence of MAC presents an operative challenge. Various surgical techniques have been described to tackle it and allow successful surgery; however, such techniques are technically demanding particularly in elderly patients and also carry the risk of deleterious consequences, particularly atrioventricular disruption [1, 3, [5] [6] [7] .
We describe our long-term experience with annular preservation technique for mitral valve replacement without resection of the annular calcium in severely calcified mitral valve annulus.
PATIENTS AND METHODS
A retrospective analysis of prospectively collected data was performed on all patients who underwent mitral valve replacement in the presence of severe mitral annulus calcification at our institution over a period of 10 years (from April 2001 to July 2011). Patients who underwent concomitant coronary artery bypass graft surgery, aortic valve replacements and other conventional cardiac surgical procedures were included. Patients who underwent mitral valve replacement for other pathologies including calcified valve leaflets only or calcified subvalvular apparatus and with mild-tomoderate mitral annular calcification were excluded.
Severe mitral annular calcification was defined as calcification of the mitral annulus that affects more than one-third of the mitral annular circumference [1] , with the calcium deposits infiltrating the ventricular myocardium. This was assessed and confirmed by intraoperative examination of the annulus, coronary angiography and echocardiography.
Preoperative, intraoperative and hospital postoperative variables were collected from patients' case notes. Postoperative echocardiography images were analysed to identify valvular incompetence and paravalvular leakage/dehiscence. Follow-up was obtained through hospital consultations, telephone calls to referring cardiologists and echocardiographers.
Data were expressed as mean ± one standard deviation.
Operative technique
Operations were performed through a median sternotomy using routine cardiopulmonary bypass maintained at moderate hypothermia (32-34 C). Myocardial protection was achieved using intermittent cold blood cardioplegia. Intraoperative transoesophageal echocardiography was used routinely in all cases. When doing a concomitant procedure, the mitral valve is usually done first apart from coronary artery bypass grafting.
The left atrium was opened through a longitudinal incision and the mitral valve was exposed and examined. The degree of annulus calcification was assessed. The anterior leaflet was excised, while the posterior leaflet with its chordae was left intact. The mitral annulus was preserved. Minimal and careful decalcification was performed only to remove large protruding pieces of calcium, just enough to achieve good seating of the prosthesis and cautiously not to interrupt the mitral annulus. Interrupted pledgetted 2/0 Ethibond TM mattress sutures were placed from the left ventricle to the left atrium and were passed around the calcified annulus as close to it as possible. Occasionally, where the calcifications extended deep into the myocardium, the sutures were passed through the calcifications (at the softest possible spot) just deep enough to go round the annulus taking care to avoid injury to the circumflex artery. Then the sutures were passed through the sewing ring of the prosthetic valve that was tied and secured in place. If required, extra pledgetted sutures were placed from the atrial side into the valve ring in areas at risk of paravalvular leak (Fig. 1) . It was occasionally necessary to implant a small prosthesis.
RESULTS
During the 10-year period of the study, 1649 mitral procedures were performed in our centre, of which 748 operations were with mitral replacement. Sixty-one patients with severely calcified mitral annulus who underwent mitral valve replacement were identified in this group. Forty-five patients [29 females (64%) and 16 males (36%)] with complete follow-up data were included in the study. Sixteen patients who had satisfactory surgery and postoperative recovery with no paravalvular leak on predischarge echocardiography were discharged from the regional follow-up centres, and since it was not possible to obtain follow-up data on them, they were excluded from the follow-up analysis.
The mean age of the patients was 75.2 ± 9.2 years (range 44-89 years). Twenty-four patients (53%) had New York Heart Association Class III/IV. Twenty-six patients (58%) had good left ventricular function (ejection fraction >50%), 16 patients (35%) had moderate left ventricular impairment (ejection fraction 30-49%) and 3 patients (7%) had poor left ventricular function (ejection fraction <30%). Atrial fibrillation was present in 21 patients (47%). Other preoperative comorbidities are outlined in Table 1 .
Isolated mitral valve replacement was performed in 12 patients (27%), and other concomitant procedures were performed in the remainder (Table 2 ). Coronary artery bypass grafting was performed in 13 patients (29%), with the circumflex territory grafted in 6 patients (13.3%) as shown in Table 2 .
Mitral annulus calcification affected primarily the posterior annulus either isolated in 27 patients (60%) or as part of the whole annulus in another 15 patients (33.3%), while it was spared in only 3 patients (6.7%) who had isolated anterior annulus calcification (Table 3) .
Mean cardiopulmonary bypass time was 155 ± 79 min, and mean aortic cross-clamp time was 114 ± 56 min. Bioprosthetic valves were used in the majority of the patients (77.8%). The mean valve size was 27.98 ± 2.58. Table 4 presents the details of the valve types and sizes. The mitral annulus was preserved. Minimal and careful decalcification was performed only to remove large protruding pieces of calcium cautiously not to interrupt the mitral annulus. (C) Interrupted pledgeted mattress sutures were placed from the ventricle to the atrium around or through the calcified annulus and passed just deep enough to go round it taking care to avoid injury to the circumflex artery, and (D) prosthetic valve was tied and secured. If required, extra pledgeted sutures could be used from the atrial side into the valve ring.
Early mortality and morbidity
There were 3 in-hospital deaths (4.9% of the original cohort and 6.7% of the patients with postoperative follow-up). One patient died intraoperatively due to atrioventricular disruption and massive bleeding, while the other 2 developed multi-organ failure. Postoperative complications (Table 5) included mediastinal bleeding requiring re-exploration in 3 patients (6.7%), respiratory compromise requiring reintubation in 4 patients (9%) and transient renal impairment in 10 patients (22%). Three patients required intra-aortic balloon pump (6.7%) for low cardiac output syndrome. Seven patients (16%) required permanent pacemaker for complete atrioventricular block.
Valve-related complications
One patient developed a thromboembolic event (2%) immediately postoperatively. None of the patients had reoperation for valve-related causes, haemolysis or late infective endocarditis postoperatively.
Survival
The 1-year survival was 93.3%, and the 5-year survival was 78.8% (Fig. 2) .
Echocardiographic follow-up
All patients had echocardiographic assessment prior to discharge from the hospital. The results are summarized in Table 6 . After discharge, all patients were followed up by serial echocardiography. The mean echocardiographic follow-up was 40 months postoperatively (range 1-146 months). There was no paravalvular leak detected in any patient on the follow-up echocardiograms. All valves were functioning well except in 1 patient (2%) who had moderate central MR which was clinically insignificant.
At the final echocardiographic follow-up, the mean gradient across mitral valves was 5.6 ± 2.9 mmHg.
DISCUSSION
MAC is a progressive condition affecting the annulus itself de novo. Some reports suggest that it is also induced by pre-existing leaflet disease [1] . MAC starts with calcium deposition between the ventricular myocardium and leaflet insertion. Further calcium aggregates form bars of calcium. Annular calcification can have different distributions. It usually affects the posterior annulus, and with progressive disease, calcification can extend into the rest of the annulus and leaflet tissue [8] . In some advanced stages, the annular calcification can undergo liquefaction necrosis [4, 9] .
MAC does not necessarily affect valvular function; however, it can be associated with valve dysfunction through different mechanisms. One is extension of the calcium into the valve leaflet, which will result in fixation of the leaflet, reduction in the valve orifice area and subsequently cause mitral stenosis. It is more common for patients with MAC to have regurgitation due to ring rigidity that will distort the valve apparatus and interfere with ring contractility [4, 10] .
Post-mortem studies showed MAC to be present in 8.5% and 43.5% of women above 50 and 90 years, respectively [4] . MAC is largely asymptomatic, but as it progresses, it can have different clinical implications such as valve dysfunction, endocarditis, thrombo-embolic events, cardiomyopathy and congestive heart failure. The Framingham Heart Study showed that the presence of MAC is an independent predictor of cardiovascular risk [11] .
Surgery in the presence of MAC is only indicated if there is significant valvular dysfunction [12] . It is challenging because of difficulties in passing sutures and seating of the valve in the presence of calcium impingement causing paravalvular leaks, risks of injury to circumflex artery, atrioventricular dehiscence and bleeding [1, 3, [5] [6] [7] .
Various operative techniques have been described to deal with MAC. Most recommend valve replacement as a more practical and possibly safer option than repair [3, 6, 13] . Difficulty in achieving repair arises from the difficulty in restoring full leaflet motion when the calcium bars impinge on the leaflet hinge. Second is the difficulty in remodelling and stabilizing the annulus due to the rigidity of the calcified annulus and the difficulty of suturing an annuloplasty ring.
The main recognized operative approach for mitral valve surgery in the presence of MAC is radical annular decalcification and annulus reconstruction [1, 3, 13] . The main advantage of this technique is the possibility of achieving successful valve repair as described by Carpentier et al. [1] . Other groups believe it is still essential to debride the annulus when performing valve replacement, to allow easier placement of sutures and to check for better seating of the valve [3, 5, 14] . However, complete and vigorous debridement of the mitral valve apparatus can render the circumflex artery and atrioventricular junction at risk of potential injury [1, 3, [5] [6] [7] . The annular calcium is more likely to extend into the ventricular muscle in elderly patients. The left ventricular muscle is also much more friable, and atrioventricular disruption is much more likely in this age group.
In Carpentier et al.'s experience [1] , successful repair was achieved in 67 of 68 patients using the radical debridement technique. The patient cohort in that study was significantly younger than our study (62 years compared to about 75 years). However, it was associated with complications including an early mortality rate of 3.3%, perioperative myocardial infarction in 4.9%, low cardiac output syndrome in 13.1% and chronic complete atrioventricular block in 3.3%. Early (up to 9 months) and late reoperations were required in 6.7% of patients for recurrent prolapse, dehiscence, haemolysis and endocarditis. Feindel and colleagues used this technique primarily for valve replacement [3] ; they had a mortality rate of 9.3% in a similarly younger age group with a mean age of 63 years in addition to significant morbidity. Reoperations were required in 7.4% due to patch dehiscence, pannus ingrowth, haemolysis and valve endocarditis.
Several other techniques have been proposed to perform mitral valve replacement in heavily calcified mitral annulus. The main aims of these procedures were to allow the operative feasibility and to reduce the operative risk. For example, some of these reports include intra-atrial implantation of the valve with leaflet incorporation [5, 15, 16] . Alternatively, the half and half technique involves securing the valve to the annulus anteriorly while to the atrial wall posteriorly [6, 17, 18] . On the other hand, Morisaki and colleagues [19] repaired a valve but without the use of an annuloplasty ring. These techniques have many limitations such as using smaller prosthesis, they might necessitate the use of a mechanical prosthesis as calcification can interfere with the valve mechanism, and more importantly their long-term results are not known. In contrast, our preference has always been to use bioprostheses.
Our study demonstrates that the use of annular preservation technique is a practical solution in the presence of MAC, especially in older patients with friable tissues and low reserve. Rather than exposing the patient to a complex and prolonged operation to achieve a successful repair, replacing the valve safely is completely justified. Careful placement of the sutures as close as possible to the calcium is very important to avoid injury to the circumflex artery. All valves replaced were seated well with no paravalvular leaks on echocardiographic assessments (1 patient had a mild paravalvular leak on the predischarge echo study, but it disappeared on subsequent assessments). The study has shown that this method is associated with good short-and long-term outcomes including well-functioning valves, no valve-related reoperations and a very good survival rate. In fact, if we take into account the entire cohort of 61 patients, the actual hospital mortality will be even lower at 4.9%. This is a reproducible technique that can be adopted and taught easily and may be safer than attempting decalcification, particularly in elderly patients. The disadvantages of our technique include higher than expected pacemaker requirement, which is likely to be caused by deeper placement of the sutures (to avoid the calcifications). In addition, we had to use smaller sizes of mitral prostheses than our usual practice to avoid decalcification, but this does not seem to result in a high postoperative gradient across the mitral prosthesis.
This study has some limitations. It is a retrospective study. There were 16 patients excluded from the study because they were lost in follow-up. However, all these patients were discharged from the hospital without any significant morbidity. The clinical follow-up data were primarily on survival and echocardiographic follow-up. It is also difficult to assess the functional status of the patients.
CONCLUSION
The presence of extensive mitral annular calcification is a challenging problem when performing mitral valve surgery. Mitral valve replacement without annular decalcificaiton is a pragmatic, safe and reproducible technique that has a relatively low complication rate, very good short-and long-term outcomes and survival. It should be considered for similar conditions.
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